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Since we last looked at the market application for Ill-Vs in space, much has happened: good news and 
not-so-good news. In this article we continue the coverage we began in Issue 2, 1999 (~20-25) showing how 
the upward market trend continues, both in terms of satellite launches and the satellites being powered by 
solar cells (more than two-thirds of all space vehicles today use Ill-V solar cells). 
T he Iridium communications satellite project proved that there is a huge market for 
GaAs in space, in RF modules and 
also in the form of solar cells.What 
was expected to be the bigger mar- 
ket for GaAs MMlCs - 
for terrestrial hand-held cellular 
phones - has yet to materialise.The 
reasons are complex and derive in 
part from a user-base which is hap- 
py with its existing cell phone 
technology.There is now also com- 
petition from other types of cell 
phone which have improved capa- 
bilities which approach those of 
the free-roaming Iridium. 
However, in certain circum- 
stances such as disaster relief, the 
past year has seen a take-up of 
these particular types of handsets 
since they do not require a base 
station (which may have been 
damaged). The earthquake in 
Turkey is a good example of this. 
Also, a number of people bought 
the Iridium phone as a back-up to 
other forms of communications, in 
anticipation of problems with the 
“Millennium Bug”. 
The Iridium saga took an unex- 
pected turn recently, having been 
rescued from bankruptcy by a man 
who might be described as one of 
the “Fathers of Terrestrial Comms”, 
Craig McCaw. McCaw is also chair- 
man of Teledesic, which suffered 
something of a crisis in confidence 
through the Iridium troubles. 
Hopefully, now things can get 
back on course. It is looking more 
likely that Teledesic and other 
space-based communications sys- 
tems, such as Globalstar, will now 
benefit from the Iridium experi- 
ence and become the big III-V mar- 
kets which the industry analysts 
had forecast. 
As we can see from Table 1, the 
number of satellite launches is 
planned to increase still further 
year-on-year. Industry observers es- 
timate that as many as 1600 satel- 
lites will be launched over the next 
five years. Dominating this launch 
requirement will be the Teledesic 
“Internet-in-the Sky” program, 
which will require at least 300 mul- 
timedia satellites. 
This is despite the recurrent 
problems which still haunt the 
space industry, such as the double 
disappointment of the Mars 
Pathfinder missions and frequent 
Shuttle satellite launch delays. 
However, NASA’s fortunes were 
Table 1. World Five-Year Satellite Forecast 
Year Units to be launched 
2000 114 
2001 129 
2002 140 
2003 167 
2004 166 
Value of units launched 
(USSbn) 
11.3 
10.8 
10.4 
11.3 
11.2 
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boosted by the NEAR spacecraft, 
which achieved orbit around the 
Eros asteroid on Valentine’s Day. 
Like nearly all near-space explo- 
ration vehicles, NEAR is powered 
by solar cells; it has four deployable 
GaAs solar panels (see Figure 2). 
Satcoms 
For Ill-Vs in space, provision of a 
reliable, long-life electricity supply 
for satellites is a target market 
where the demand is for energy at 
minimal weight and panel area. III- 
Vs continue to be too expensive 
for most terrestrial market applica- 
tions, but the reverse is true for 
space. This is especially important 
with communication satellites 
such as Iridium, which require 
more energy to communicate with 
one another. In contrast to regular 
silicon-based solar cells, compound 
semiconductor solar cells are very 
resistant to cosmic radiation. As a 
result, cell performance at the end 
of their useful lives is said to be 
10% higher than for silicon solar 
cells. 
That said, the Hughes 
Superbird- satellite combines sil- 
icon and GaAs solar-cell panels 
(see Figure 1). The satellite was 
built by Hughes Space and 
Communications for Space 
Communications Corp of Tokyo. 
It is a high-power version of the 
Hughes HS 601 model and was 
launched on an Ariane-4 rocket. It 
joins the existing Superbird con- 
stellation, allowing SCC to meet 
the rapidly growing demand for 
business telecoms services 
throughout Japan and the Asia- 
Pacific region. 
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Figure 1. Hughes Superbird- satellite combines silicon and GaAs solar-cell panels produced 
by Spectrolab Inc via an MOVPE process. 
Superbird- will have 23 active 
transponders in Ku-band and a 
steerable Ku-band spot beam to in- 
crease service where needed. The 
satellite will also carry high-speed 
data services, via six transponders 
in I&band. Superbird- will have 
5.5 kW of power at end of life.This 
is made possible with two solar 
wings, each with three panels of 
silicon solar cells and one panel of 
dual-junction GaAs-based solar 
cells. 
Microelectronics 
In this area, technical advances in 
the optoelectronics sector appear 
fairly oftenAs we shall see, records 
for solar-cell efficiencies are being 
broken at an increasing rate. 
Conversely, use of space-based 
electronic components using 
wide-bandgap semiconductors has 
still not taken off. Silicon carbide 
(Sic) and gallium nitride (GaN) 
have long been known as candi- 
dates for use in the hostile environ- 
ments of space. Like III-V solar 
cells, Sic-based microelectronics 
are attractive because they could 
save on weight and volume. If they 
were available, they would permit 
electronic circuit functions in 
space without the need for the 
bulky and heavy heat-control 
equipment used in today’s sys- 
tems. But these components have 
yet to even reach the stage where 
they are ready to begin the lengthy 
space qualification process let 
alone be deployed in any kind of 
space vehicle. 
On the one hand, these compo- 
nents could be specially devel- 
oped like the new multi-junction 
solar cells. Yet there is little evi- 
dence of any intent to manufac- 
ture comparable microelectronic 
devices. Designers presently have 
few existing Sic- and even fewer 
GaN-based microelectronic com- 
ponents to choose from. 
According to the 2nd edition of 
the Elsevier report, Gallium 
Nitride C Related Wide Bandgap 
Materials G Devices 1998-2003, 
the wide-bandgap semiconductor 
market for defence/aerospace (of 
which space represents around 
15%) amounted to US$20 million 
in 1999. Microelectronics compo- 
nents will remain only a small 
fraction (under 5%) of the total 
opto-dominated market for wide- 
bandgap semiconductor devices 
by 2003. 
MOVPE key 
Of key importance to the manufac- 
ture of space-borne solar cells is 
the process of MOVPE, for which 
this has been one of the most im- 
portant application. However, 
more than 80% of the substrate re- 
quirement for this application is 
fulfiied by germanium rather than 
III-V wafers. 
Less than 10 years ago only 
specialist devices such as photo- 
cathodes and solar cells for space 
applications were being made ex- 
clusively by MOVIE. Today 
MOVPE for solar cells in commu- 
nication satellites amounts to at 
least 10 million square inches of 
germanium substrates per annum, 
making solar cells one of the 
largest segments for MOVPE. 
Under these circumstances, al- 
most half of the total output of to- 
day’s installed capacity of MOVPE 
reactors is dedicated to solar-cell 
manufacture, the bulk of which is 
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Figure 2. NASA’s NEAR spacecraft, which has achieved orbit around the Eros asteroid. 
NEAR is powered by four deployable GaAs solar pane/s. 
required for space-borne applica- 
tions. MOVPE-based devices such 
as LEDs, diode lasers, HEMTs and 
HBTs are among today’s strongest- 
growing opto- and micro-electron- 
ic devices. So it is likely that the 
fraction dedicated to solar cells is 
expected to decrease (in volume 
as well as in price terms) as a frac- 
tion of the total over the next few 
years. But this will depend on 
many factors, not the least of 
which is the degree of success 
achieved by the aforementioned 
ambitious space projects. 
There have been a number of 
key developments in the area of so- 
lar cells in the past year. Notably, 
Tecstar has gone in one direction 
while EMCORE has headed in the 
opposite direction. 
Tecstar is one of the world’s 
leading manufacturers of space- 
borne solar cells, but has recently 
announced its intention to set up 
manufacturing of non-solar-cell 
epiwafer products. This has great 
importance for the epi industry, 
given the wealth of knowledge ac- 
cumulated by the company in the 
mass production of fairly complex 
device epilayers. It has one of the 
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largest single installed capacities 
for the manufacture of MOVPE epi- 
wafers and, until recently, this ca- 
pacity has almost all been focused 
on the making of solar cells. It has 
reactors made by AIXTRON, ma- 
chines which equip many of the 
world’s leading captive and mer- 
chant epiwafer manufacturers. 
Tecstar is evidently intent on 
achieving the standard previously 
set in solar-cell manufacture in oth- 
er as-yet-unannounced opto epi- 
wafer markets. 
The company has posted a 
number of milestones for effi- 
ciency of its solar cells: for exam- 
ple, its cascade cell has achieved 
26.1%. Currently, the average 
efficiency (the conversion rate of 
incoming solar energy to electri- 
cal energy produced for a given 
surface area) of various commer- 
cially deployed systems stands at 
between 22% and 24%. Cascade 
comprises cells stacked one on 
top of another. The upper cells 
chiefly convert the short wave- 
lengths and allow longer wave- 
lengths through to be absorbed 
by the lower-most cells. 
As a result, a higher fraction 
of the incident radiation can be 
tapped. 
Tecstar says that, because im- 
proved technologies such as cas- 
cade solar cells enable satellites 
to be made more economically, 
they become viable for transmit- 
ting voice and Internet traffic. 
This is crucial in the very compet- 
itive communications market- 
place where broadband satcoms 
are in contention with terrestrial 
systems based on fibre-optic net- 
works. 
Space pioneer 
In our previous treatment of space 
applications of III-Vs we featured 
Spectrolab Inc. (Sylmar, CA, USA). 
Founded in 1956, it has been sup- 
plying solar cells and panels to the 
space industry for 40 years. 
Pioneer 1, launched in 1958, car- 
ried the first body-mounted panels 
used in space. The following year, 
Explorer 6 used Spectrolab prod- 
ucts and was the first satellite to 
use solar arrays instead of body- 
mounted panels. 
The Hughes subsidiary pro- 
duces active, rad-hard solar-cell 
junctions using diffusion or 
MOVPE growth methods, includ- 
ing single-, double- and triple-junc- 
tion devices for space 
applications such as the Superbird 
satellite series. In fact, Spectrolab 
has over 50 kW of multi-junction 
arrays in orbit, with a 1 MW annu- 
al manufacturing capacity for 
cells, panels and arrays. Spectrolab 
also recently celebrated produc- 
tion of half a million dual-junction 
GaAs solar cells. 
In October 1999 Spectrolab and 
the National Renewable Energy 
Laboratory (NREL) announced that 
they had achieved a world record 
conversion efficiency of 32.3% for 
a solar cell, which could double 
the present power output of ter- 
restrial applications. The cell is 
Spectrolab’s triple-junction GaInP/ 
GaAs/Ge concentrator solar cell. 
“We are extremely excited about 
this result,” said Dr. David Lillington, 
III-Vs in Space 
VP for solid-state products at 
Spectrolab. “Multi-junction solar 
cells have made a major impact on 
the cost-effectiveness and revenue- 
generating capabilities of high- 
power space satellites over the last 
five years, and we expect them to 
have a similar impact on the bil- 
lion-dollar terrestrial photovoltaics 
industry”. 
Spectrolab has taken the basic 
cell design concept and made it 
cost-effective for terrestrial appli- 
cations when it is combined with a 
concentrator system. “By doubling 
the power generating efficiency of 
the cell, the size of the solar-ray 
collection system can be reduced 
in half, thereby reducing the over- 
all cost of the infrastructure,” said 
Lillington. 
A nearly 40% conversion effi- 
ciency has been forecast for four- 
junction space solar cells, 
currently being developed under 
a Dual Use Science &Technology 
program jointly funded by 
Spectrolab and the government. 
Similar cells, optimized for terres- 
trial use, surpass 40% conversion 
efficiency. 
Record breaking 
As already noted, another interest- 
ing trend has been the announce- 
ment by EMCORE that it has 
succeeded in breaking the world 
record for efficiency for solar cells 
based on GaAs. EMCORE is well- 
known for its origins in equipment 
used for the manufacture of epi- 
wafers. Over the past half-decade, 
however, it has branched out into 
many other fields, including epi- 
wafer and device supply. These lat- 
ter activities also include solar 
cells. Just recently, EMCORE an- 
nounced the manufacture and 
shipping of what it claims are the 
world’s highest-efficiency dual- 
junction solar cells for satellite 
applications: 25.3% on GaAs sub- 
strates (below 23% for a dual-junc- 
tion on Ge substrate is claimed). 
This is the highest in the world for 
large-area (27.5 cm*) dual-junction 
d 
Q 
\ 
Fiwre 3. Diagram of a mechanical stacked tandem concentrator cell consisting of a GaAs 
top cell and a GaSb bottom cell. 
flight solar cells that are ready to 
ship, says EMCORE. 
These cells reach far beyond 
the capability of silicon-based so- 
lar cells, which have a theoretical 
maximum efficiency of about 
19% and degrade quite rapidly 
during orbit. This initial efficiency 
record has been achieved via 
“critical technology break- 
throughs in tandem with state-of- 
the-art automated processing”. 
The dual-junction InGaP/GaAs so- 
lar-cell product is grown on a Ge 
substrate, and has a minimum av- 
erage efficiency of 23% at air 
mass zero (AMO) at 28°C. 
solar cells will begin a full qualifl- 
cation program in spring 2000 and 
are expected to begin in-flight pro- 
duction in summer 2000. 
European records 
These triple-junction cells have 
completed preliminary radiation 
testing at NASA’s Jet Propulsion 
Labs (IPL) in Pasadena, California. 
JPL has verified an enhanced radia- 
tion stability with a power degra- 
dation of only 8% for an equivalent 
life of 15 years in the geo-station- 
ary orbit. EMCORE’s triple-junction 
Record values have also been 
achieved by the Fraunhofer 
Institute of Solar Energy Systems 
(ISE), Freiburg, Germany. The dri- 
ving force behind this develop- 
ment is Dr Andreas Bett. His group 
has developed solar cells that yield- 
ed, for the first time in Europe, an 
efficiency of 31.4% for stacked 
concentrator and 27% for mono- 
lithic terrestrial solar cells. For 
space applications 23.5% was 
achieved. 
A project funded by BMBF has 
efficiency values exceeding 30% as 
a goaLThis is only feasible with tan- 
dem solar cells with dual pn junc- 
tions.This can be done by stacking 
them mechanically on top of each 
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Figure 4. SSTL’s sky SNAP- 1 nano-satellite 
to be launched in June. 
other, or the two solar cells can be 
monolithically formed by epitaxy 
on a single substrate. ISE is investi- 
gating both alternatives, studying 
AlGaAs-Si and GaAs-GaSb systems 
for the mechanically stacked ap- 
proach (see Figure 3 for the latter). 
This contiguration allows the so- 
lar cells to be developed individual- 
ly and is based on liquid phase 
epitaxy or a simple Zn diffusion 
process for the III-V materials. ISE 
has been able to increase the record 
efficiency value to no less than 
31.4% for the GaAs-GaSb stack.This 
value was measured under lOO-fold 
concentration of solar radiation 
(AM 1.5d, 25°C). A test module us- 
ing Fresnel lenses achieved an out- 
door efficiency of 23%. For 
comparison, standard Si modules 
achieve 12-14% efficiency under 
outdoor conditions (see Figure 4). 
?? In 1998, a GaAs/GaSb tandem 
concentrator cell attained 3 1.4%. 
At Fraunhofer-ISE III-V solar 
cells have been developed for ter- 
restrial use with concentrated light 
or space applications.At least 500- 
fold concentration of the sunlight 
is the aim for concentrator cells, to 
compensate for high substrate 
costs and allow solar electricity to 
be generated economically The 
power density of a tandem solar 
cell is then 15 W/cm2, which de- 
mands special modifications of the 
cell structure and metallisation. 
“Low band-gap” cells based on 
GaSb, with a band gap < 0.7 eV, are 
also used in thermophotovoltaic 
(TPV) generators, which convert 
thermal radiation into electricity. 
Such systems are also of great eco- 
nomic interest as auxiliary genera- 
tors in autonomous photovoltaic 
systems. 
As well as continuing the work 
on the mechanically stacked con- 
centrator solar cell, in 1998 ISE ac- 
quired a new MOVPE system to 
produce monolithic tandem cells 
based on GaInP/GaAs. The AIX 
260063 has a capacity of 5 x 4” 
substrates which can be extended 
to 9 x 4” substrates or 15 x 2” sub 
strates. “This makes pilot produc- 
tion and process development for 
industry possible. We are able to 
transfer the epitaxy processes we 
have developed directly to indus- 
trial production, which is not pos- 
sible with smaller laboratory 
devices,” says ISE. 
Moreover, new material sys- 
tems for monolithic tandems like 
GaInP/GaInAs are expected to 
achieve higher efficiencies. So far, 
these cells have achieved efficien- 
cies of 27.8% (AMl.Sg) and 23.3% 
(AMO). By concentrating the sun- 
light using Fresnel lenses, the effi- 
ciency has been made even 
higher. A company in Heilbronn/ 
Germany and ISE intend to start 
industrial production of the high- 
efficiency tandem solar cells. Thy 
say that further development by 
exploiting the concept of a diver- 
sified III-V material system should 
result in even higher efficiency 
values, as simulations have 
shown. 
Size trends 
As we have noted, advances in so- 
lar-cell technology enable satellites 
to become more competitive in 
the market for communications. 
Another approach which is prov- 
ing very popular is to make the ac- 
tual satellite much smaller. 
In February, The Aerospace 
Corp., El Segundo, CA, USA, and 
DARPA concluded their pioneering 
mission to fly the smallest satellites 
ever placed into orbit. Measuring 4 
x 3 x 1’ and weighing under half-a- 
pound, the tethered pair of pi- 
cosatellites were released from 
their OPAL (Orbiting Picosatellite 
Automated Launcher) “mother” 
satellite, built by Stanford 
University students. Validating an 
array of micro-electro-mechanical 
system (MEMS) RF switches de- 
signed by Rockwell Science Center 
of Thousand Oaks, CA, was the pri- 
mary goal of the mission, which 
was funded by the Microsystems 
Technology Office of DARPA. 
“We’ve established the infrastruc- 
ture which we will use and refme 
in validating MEMS and microsys- 
terns for integration into miniature 
satellites of the future,” said Ernest 
Y Robinson of The Aerospace 
Corp. He added that the picosats 
represent a link toward “nanosatel- 
lites”, envisioned by Aerospace 
Corp researchers as “inevitable” al- 
ternatives to many large and costly 
spacecraft flown today 
Another pioneer in this area is 
Surrey Satellite Technology Ltd. 
(SSTL) which sprang from the 
University of Surrey. It now em- 
ploys over 100 staff and is located 
at the purpose-built Surrey Space 
Centre, which also houses the 
company’s satellite construction fa- 
cilities. SSTL received NASA’s first 
contract to be awarded in the new 
millennium, adding to the three mi- 
crosatellite missions due for 
launch in the year 2000 for interna- 
tional customers. NASA has again 
chosen SSTL as the only non-US 
supplier for its “Rapid Spacecraft 
Acquisition” contracts over the 
next five years. 
An example of SSTL’s portfolio 
is the tiny, highly integrated, 2 kg 
SNAP-l ‘nanosatellite’ called re- 
search project Figure which was 
launched alongside the University 
of Surrey’s UoSAT12 last April and 
was intended to image the ‘moth- 
er’ minisatellite and launch vehi- 
cle. Surrey’s Nanosat technology 
provides an exciting, innovative, 
and extremely low-cost way to 
32 
Ill-Vs Review ??Vol.13 No.2 2000 
access space. Such awards show 
that SSTL’s microsatellites and min- 
isatellites are a good solution for af- 
fordable commercial space 
constellations. 
SNAP-l will demonstrate the 
feasibility of a standardised modu- 
lar nanosatellite bus. It will also 
provide a test-bed for novel micro- 
electronic technologies such as a 
new GPS navigation system, 
avalanche photo-diode camera 
technologies and RISC processors. 
SSTL has also delivered an SGR-20 
Space GPS Receiver to Belgian 
companyverhaert for ESA’s PROBA 
small-satellite mission for launch in 
July. Primarily the SGR will be used 
for positioning and timing on 
board PROBA as well as providing 
an experimental attitude determi- 
nation capability.The 4 antenna, 24 
1~1 channel SGR-20 makes use of 
state-of-the-art commercial GPS 
chipset technology, designed to be 
tolerant to radiation effects. 
SSTL also has an award from US 
company DBS Industries Inc for a 
constellation of satellites to target 
hard-to-locate utility meters, such as 
gas and electricity, and other fured 
assets, first in the US and then (as 
operating permits are obtained) in 
other countries around the world. 
Low-power transmitters using Code 
Division Multiple Access (CDMA) 
technology will transmit usage, safe- 
ty and other messages to satellites 
in near-polar orbit. 
Space horizons 
It is clear that, if the recent past 
problems of various space systems 
can be put behind us, then the 
“High Frontier” will indeed become 
a bonanza for compound semicon- 
ductor devices. For the short-to- 
medium term this will largely be 
“more-of-the-same”; in other words 
more solar cells and more RF mod- 
ules. But these will be even more ef- 
IIIN-Reclaim 
Eisenfelden 92 
84543 Winhbing / Germany 
Tel.: (49) 8671-73442 
Fax: (49) 8671-73443 
E-Mail: Reclaim QT-Online.de 
ficient, lower weight and smaller in 
size than their predecessors. 
What is less certain is the timing 
of the debut of what might be called 
“Third Generation” materials and de- 
vices. In the longer term, there can 
be no doubt that there will soon be a 
need for such components based on 
wide-bandgap materials. 
Present technologies have only 
so much more performance to be 
squeezed out of them and, once 
that is used up, the wide-bandgap 
semiconductors will become the 
natural choice. However, few com- 
panies are presently working in 
this area and the emphasis is pre- 
dominantly on the optoelectronic 
emitter rather than the microelec- 
tronic side of the business. The 
best we can hope for is that the lat- 
ter will be able to catch up by 
virtue of the coat-tail effect, 
whereby electronic devices can 
benefit from techniques and mate- 
rials developed for opto. 
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